Frustrated magnets with strong spin-orbit coupling promise to host topological states of matter, with fractionalized excitations and emergent gauge fields. Kitaev's proposal for a honeycomblattice Majorana spin liquid 1 has triggered an intense search for experimental realizations, with bond-dependent Ising interaction being the essential building block. A prime candidate is α-RuCl 3 whose phase diagram in a magnetic field is, however, not understood to date. Here we present conclusive experimental evidence for a novel field-induced ordered phase in α-RuCl 3 , sandwiched between the zigzag and quantum disordered phases at low and high fields, respectively. We provide a detailed theoretical study of the relevant effective spin model which we show to display a field-induced intermediate phase as well.
Frustrated magnets with strong spin-orbit coupling promise to host topological states of matter, with fractionalized excitations and emergent gauge fields. Kitaev's proposal for a honeycomblattice Majorana spin liquid 1 has triggered an intense search for experimental realizations, with bond-dependent Ising interaction being the essential building block. A prime candidate is α-RuCl 3 whose phase diagram in a magnetic field is, however, not understood to date. Here we present conclusive experimental evidence for a novel field-induced ordered phase in α-RuCl 3 , sandwiched between the zigzag and quantum disordered phases at low and high fields, respectively. We provide a detailed theoretical study of the relevant effective spin model which we show to display a field-induced intermediate phase as well.
We fully characterize the intermediate phase within this model, including its complex spin structure, and pinpoint the parameters relevant to α-RuCl 3 based on the experimentally observed critical fields. Most importantly, our study connects the physics of α-RuCl 3 to that of the Kitaev-Γ model, which displays a quantum spin liquid phase in zero field, and hence reveals the spin liquid whose signatures have been detected in a variety of dynamical probes of α-RuCl 3 .
Quantum spin liquids constitute a most fascinating class of many-body states whose emergent excitations are fundamentally different from that of conventional magnets. The Kitaev model on the honeycomb lattice 1 is a unique and solvable example: Local spin flips fractionalize into itinerant Majorana fermions and Ising gauge-flux excitations.
The search for experimental realizations of the Kitaev model has uncovered a number of insulating honeycomblattice magnets where strong spin-orbit coupling generates J = 1/2 local moments subject to bond-dependent Ising interactions 2, 3 . Most prominent are A 2 IrO 3 (A = Na, Li) and α-RuCl 3 ; however, antiferromagnetic longrange order is realized at low temperatures in all of these materials. Among them, α-RuCl 3 has attracted immense attention [4] [5] [6] for two reasons: (i) Spectroscopic experiments have detected 6, 7 clear signatures of fractional-ized excitations over a significant range of energies which have been interpreted in terms of proximate spin liquid behavior [6] [7] [8] . (ii) A magnetic field applied in the honeycomb plane quickly suppresses magnetic order in favor of a quantum disordered state whose properties have been controversially debated [9] [10] [11] [12] [13] [14] [15] . Some recent experimental results hint at multiple field-induced phases as the zigzag phase is suppressed: preliminary ac susceptibility showed evidence for two transitions 4 , and a new report of quantized thermal Hall conductivity suggests the existence of a topological phase transition at a field above suppression of the zigzag ordered state 17 . On the theoretical front, a debate has revolved around the most appropriate microscopic Hamiltonian to describe the magnetism of α-RuCl 3 (refs. [18] [19] [20] [21] [22] [23] [24] [25] , with progress only made very recently. However, a proper interpretation of the magnetic field effects and the nature of the proximate spin liquid are important open issues which require clarification if progress towards realizing a Kitaev spin liquid is to be made.
Using multiple experimental probes, we report the discovery of a novel field-induced phase, and map its phase diagram as a function of magnetic field direction and tem-= 0 ∘ (1,0,0) ( Measurements of (e) χ ac and (f) thermal conductivity κxx at various fixed temperatures show two anomalies as a function of {1, 1, 0} magnetic field strength for T < 5 K. Curves are offset for clarity. (g) Phase diagram of α-RuCl3 as function of temperature and field along {1, 1, 0} (φ = 30 • ), constructed from χ ac data in (e) (color-coded). The Néel temperature extracted from dc magnetization measurements 4 is shown as squares. The intermediate phase, indicated by "X", occurs between the zigzag (ZZ) and field-induced quantum disordered (FIQD) state. perature, several key features of which can be understood within our theoretical description of an intermediate ordered state. This allows us to reveal the nature of the exotic collective quantum state that is proximate to α-RuCl 3 at zero field 6,7 : a spin liquid whose properties are distinct from the pure Kitaev solution.
Experimental results. When a magnetic field B is applied parallel to a Ru-Ru bond [corresponding to one of the symmetry-equivalent (1, 0, 0), (0, 1, 0), or (−1, 1, 0) directions, see Fig. 1 ], the magnetization at 2 K shows a single kink at 7.6 T (with minor variation from one sample to another, see e.g. Fig. 2b ) in the vicinity of the well-documented field-induced suppression of the zigzag ordered phase 9-15 ( Fig. 2a ). However, magnetic field directed perpendicular to a bond along a {1, 1, 0}equivalent direction reveals a second feature near 6 T, well below the purported transition into the field-induced disordered phase. The anisotropy of the critical fields within the honeycomb plane is clearly visible in ac susceptibility χ ac measurements (Fig. 2b) . Two well-separated anomalies in χ ac at B c1 6 T and B c2 7-7.3 T as a function of {1, 1, 0} field strength converge and shift slightly higher to B c2 7.6 T in a {1, 0, 0} field. This behavior repeats every 60 • , consistent with the symmetry of the honeycomb lattice, and has been reproduced in a number of samples. Fig. 2c shows the angle-dependence of the magnetization obtained via a sample rotation stage up to a maximum field of 7 T. Here, φ is the angle between a * and B (see Fig. 1 ). At moderate fields 1 T, angle-resolved magnetization below T N = 7 K exhibits a six-fold symmetry with maxima at φ ≡ 0 • mod 60 • , where the field 0.00 0.02 0.04 0.06 0.08 0.10 coincides with a bond-parallel {1, 0, 0} direction. The amplitude of this oscillation decreases with increasing field. At 6 T, a distinct set of maxima appear in a narrow range of φ around the {1, 1, 0} directions φ ≡ 30 • mod 60 • . The onset of the new oscillation coincides with the lower anomaly B c1 in Fig. 2a ,b, suggesting that for fixed fields between 6 and 7 T, the system alternates between the zigzag phase and the intermediate-field phase defined by B c1 < B < B c2 as a function of φ.
The double-peak behavior in χ ac (B) in a {1, 1, 0} magnetic field emerges several Kelvin below the Néel transition, becoming distinct only for T ≤ 4 K ( Fig. 2e ). Thermal conductivity measurements ( Fig. 2f ) exhibit consistent behavior. A minimum in κ xx (B) marking the critical field for the suppression of the zigzag order in RuCl 3 has been previously reported 10, 15, 26 . With B {1, 1, 0}, we find that this feature splits into two distinct minima below 5 K. We note that the κ xx (B) minima near 7 and 7.8 T are larger than the analogous critical fields in susceptibility data; the detailed field-dependence of magnetic contributions to phonon scattering and κ xx enhancement across the two transitions are not well understood and likely play a role in the discrepancy. The boundaries of the intermediate-field region (denoted by "X") as a function of temperature and {1, 1, 0} field strength are shown in a χ ac intensity plot in Fig. 2g . The emergence of this distinct region below T N indicates the existence of a novel magnetically ordered phase.
Theoretical results. We employ a Heisenberg-Kitaev-Γ spin model with a dimensionless parameter ξ ≥ 0, where ξ measures the strength of the isotropic Heisenberg interaction relative to the bond-dependent interactions, see Methods for details of the Hamiltonian. This model is inspired by ab initio calculations 23 and has re-cently been shown to reproduce various measurements in α-RuCl 3 both at zero 24 and finite 14, 25 field. The classical phase diagram in an in-plane magnetic field B (1, 2, 0) is displayed in Fig. 3a . For ξ > 0.012, the low-field ground state has a zigzag order ("ZZ" in Fig. 3 ) with a 4site magnetic unit cell and ordering wavevector Q = M, where M denotes the center of an edge of the first Brillouin zone, as observed experimentally in α-RuCl 3 (refs. 4 and 5). At elevated fields and 0.024 < ξ < 0.051, a novel ordered state is stabilized ("X" in Fig. 3 ). This fieldinduced intermediate phase is characterized by a 6-site magnetic unit cell consisting of three inequivalent pairs of parallel spins, resulting in a noncoplanar spin structure. The real-space spin configuration, Fig. 3b , can be understood as a period-3 pattern of a ferromagnetic zigzag chain alternating with two non-collinear zigzag chains. It consequently shows Bragg peaks at Q = 2 3 M. At zero field, this is a metastable phase that is characterized by a finite total moment, i.e., it is ferrimagnetic, which naturally explains its stabilization in a finite field. For very small ξ, the quantum ground state is a spin liquid studied in refs. 27 and 28. The classical analogue of this novel Kitaev-Γ spin liquid is characterized by a large groundstate degeneracy at zero field and covers a finite region in the B-ξ phase diagram ("KΓSL" in Fig. 3a ).
Comparison experiment-theory. Fig. 4 shows the comparison of the phase diagram (a,b) and longitudinal magnetization (c,d) between α-RuCl 3 (left) and the Heisenberg-Kitaev-Γ model with ξ = 0.035 (right). Key characteristic features of the experiment are reproduced by the model calculation: (i) Both the critical fields and the magnetization curves have a 60 • periodicity, consistent with the C 3 rotational symmetry of the honeycomb lattice. (We note that the symmetry is approximate in the experimental magnetization; see Supplementary Information for a discussion of domain effects.) (ii) The critical fields are maximal for a field along a Ru-Ru bond (φ ≡ 0 • mod 60 • ) and minimal for a field perpendicular to a bond (φ ≡ 30 • mod 60 • ). (iii) The width of the intermediate phase is maximal when the critical field is minimal, and vice versa. (We note, however, that the intermediate phase vanishes near φ ≡ 0 • mod 60 • for the parameter set used in Fig. 4 in the classical model, while it may have a finite width in α-RuCl 3 for these angles, see Supplementary Information for details of the critical field determination from the χ ac data.) (iv) The magnetization M for fields below the minimal lower critical field B c1 (30 • ) is maximal for φ ≡ 0 • mod 60 • and has kinklike minima at φ ≡ 30 • mod 60 • . (We note that M/B does not increase with B for φ = 0 • mod 60 • in the calculation, in contrast to the experimental curve. This is a known anomaly of the classical approximation 25 that will resolve upon the inclusion of quantum fluctuations.)
on the other hand, the magnetization becomes maximal for φ ≡ 30 • mod 60 • . (vi) Finally, taking the abinitio guided values 24 for the magnetic interaction scale K 1 −5 meV and the in-plane g-factor g ab 2, we find B c1 (0 • ) 7 T, in remarkable agreement with the experimental critical field.
Discussion. We have identified a novel field-induced intermediate phase in the Kitaev material α-RuCl 3 . Our comprehensive modelling establishes a non-coplanar phase with 6-site magnetic unit cell that captures the experimentally observed features of the intermediatefield region. A recent work 17 reported quantization of the thermal Hall conductivity in tilted fields with inplane components 7 T B 9 T, implying Majorana edge currents above the suppression of the zigzag phase at 7 T and a transition to a non-topological phase at 9 T. It would be interesting to search for such a topological transition within a full quantum simulation of our Heisenberg-Kitaev-Γ model. The novel intermediate phase we have found, however, occurs at smaller field strengths and below T N , indicating long-range magnetic order that can be understood within a semiclassical approximation. We note that our susceptibility data appear featureless above B c2 in most samples checked, however, some additional small kinks were observed between 8 and 10 T in a sample with mixed ∼7 and ∼14 K Néel transitions (see Supplementary Information).
Most importantly, our intermediate ordered phase is the leading field-induced instability of the quantum spin liquid of the Kitaev-Γ model 27 . Its appearance implies that α-RuCl 3 is proximate to the Kitaev-Γ spin liquid. This Kitaev-Γ spin liquid reacts sensitively to small bond anisotropies induced by a monoclinic distortion, as present in α-RuCl 3 (ref. 3) , by opening up a gap in the spinon spectrum 28 . This is in contrast to the pure Kitaev model, which remains gapless in the presence of such bond anisotropies 1 . The spin-liquid signatures observed in dynamical probes of α-RuCl 3 (refs. 6 and 7) should therefore be associated with a proximity to a topologically ordered Kitaev-Γ spin liquid, with a spinon excitation gap that may be expected to be of the order of the effective size of the bond anisotropies 28 . Whether this low-field Kitaev-Γ spin liquid is related to the fieldinduced quantum disordered state observed above B c2 is an interesting question for future investigations.
METHODS
Experimental. Susceptibility measurements were performed in α-RuCl 3 single crystals prepared by a vapor transport method 7 and oriented by Laue using the trigonal reciprocal setting (see definition in Fig. 1 ). Angleresolved dc magnetization measurements were collected using a sample rotation stage in a 7 T SQUID magnetometer. dc magnetization, ac susceptibility, and thermal transport measurements were performed up to 14 T at various fixed angles in a Physical Property Measurement System (Quantum Design).
Theoretical. The theoretical results have been obtained by employing the bond-dependent spin Hamiltonian
with Heisenberg, Kitaev, and symmetric off-diagonal exchange terms on nearest-neighbor bonds, Heisenberg exchange on third-neighbor bonds, and a uniform in-plane magnetic field. We have assumed a diagonal g-tensor,
with an isotropic in-plane g a = g b ≡ g ab , in agreement with previous results 30 . We have used (
, where A sets the overall energy scale and ξ ≥ 0 parametrizes the deviation from the Kitaev-Γ limit. Previously, this model with A = 5 meV and ξ = 0.1 has been suggested as an effective description for α-RuCl 3 (refs. 14, 24, and 25). Fig. 3a shows that a slight modification of this parameter choice fully accounts for the existence of the novel field-induced ordered phase and the proximity to a spin-liquid regime.
To identify the zero-temperature ground state of this model in finite field, we have utilized classical Monte Carlo (MC) simulations, combining single-site and parallel-tempering updates in order to equilibrate the spin configurations at the lowest temperatures. From the MC data, we have computed the static spin structure factor
shown in the insets of Fig. 3(a) . Here, R i denotes the lattice vector at site i and N the number of sites. The MC simulations are supplemented with an analytical parametrization of the classical phases, allowing us to compute the full zero-temperature phase diagrams shown in Fig. 3(a) and Fig. 4 (b) and the magnetization curves in Fig. 4(d) in a numerically exact way. The analytical parametrization also reveals the real-space spin structure of the field-induced intermediate state, as shown in Fig. 3(b) , as well as ferrimagnetic nature of this (then metastable) state at zero field. We have explicitly verified for various field angles φ and values of the parameter ξ that the ground-state energy ε obtained by employing the analytical parametrization agrees with the MC results within a precision of ∆ε/ε 10 −8 , see Supplementary Information for details. Data availability. The data that support the plots within this paper and other findings of this study are available from P.L.K. (experimental) and L.J. (theoretical) upon request. 
I. DETERMINATION OF THE CRITICAL FIELDS FROM AC SUSCEPTIBILITY DATA
The angle dependence of the critical fields B c1 and B c2 shown in Fig. 4a of the main manuscript were determined from ac susceptibility curves collected at various fixed an-gles at T = 2 K for Sample 1. Fig. S1 shows the data for φ = 0 • , 10 • , 20 • , and 30 • between 4 and 9 T after subtraction of a linear background. The two anomalies representing B c1 and B c2 were modeled as Gaussian peaks; the overall increase in the susceptibility in the critical region was treated phenomenologically by introducing a third, broad Gaussian peak as a background on which the sharper anomalies are superimposed. The width of the intermediate phase defined as the field interval between the two peak centers narrows from 1 T at φ = 30 • to 0.7 T at φ = 20 • and 0.4 T at φ = 10 • . At φ = 0 • , a shoulder on the sharp peak at B c2 suggests that the intermediate still has a finite width of 0.3 T, in contrast to the model in Fig. 4b of the main manuscript, although we note that 0.3 T is within the error bars on the critical fields taken as one half of the fitted FWHM of the peaks. A distinct shoulder was not evident at φ = 0 • for Sample 2 shown in Fig. 2b of the main manuscript, however this sample exhibited slightly broader peaks overall as compared with Sample 1.
II. COMPARISON OF SUSCEPTIBILITIES IN SINGLE-AND MULTI-TRANSITION CRYSTALS
The samples for which data are presented in Fig. 2 of the main manuscript (Samples 1-4) showed no evidence of additional magnetic transitions above ∼7 K, which have been observed in samples that exhibit stacking disorder in the as-grown state 1 , or in which stacking faults are introduced in the course of extensive handling or deformation of the crystals 2 . To compare with Sample 1, we performed a similar set of susceptibility measurements on another crystal "Sample 5" in which a small amount of the 14 K magnetic transition is visible in the susceptibility curve collected with field in the lower-magnetization {1,1,0}-type direction (φ = 150 • ) (Fig. S2b) . The fixedangle ac susceptibility curves collected up to 14 T in Sample 5 show anomalies at 6.2 and 7.3 T with B dc along φ = 150 • , similar to the 6.0 and 7.3 T anomalies observed in Sample 1. However, Sample 5 exhibited additional smaller features at higher fields ∼8.5 and ∼9.5 T that are absent in Sample 1. In addition, we note that B c1 and B c2 shifted closer together and towards higher field in a {1,0,0}-type field (φ = 60 • ) but remained separated in contrast to Sample 1.
Angle-resolved dc magnetization measurements show similar overall features in the two samples at T = 2 K: a 2-fold oscillation at small fields consistent with unequally populated zigzag domains (see Sec. IV) and an additional 6-fold oscillation emerging at moderate fields with maxima at φ ≡ 0 • mod 60 • and switching above B c1 6 T to exhibit maxima at φ ≡ 30 • mod 60 • in the intermediate phase. In Sample 5 the 2-fold oscillation represented a more significant contribution to the total susceptibility than in Sample 1, and the phase of the 2-fold oscillation remained consistent at all fields and temperatures. In contrast, the 2-fold contribution in Sample 1 with maxima near φ = 60 • and 240 • for B = 0.1 T and T = 2 K showed a 30 • phase shift when increasing the magnetic field at T = 2 K producing global maxima at φ = 90 • and 270 • ; the observation of the same phase shift upon warming above T N at B = 0.1 T likely indicates the presence of a weak underlying structural anisotropy that produces susceptibility maxima at φ = 90 • and 270 • . The different phase of the uniaxial anisotropy for 10 K < T < 150 K between Sample 1 and Sample 5 suggests that it may be sensitive to structural domains below T S ∼ 150 K. Above the transition to the monoclinic structure near 150 K, it appears that the phase in the 2-fold oscillation for Sample 1 once again shifts towards maxima at φ = 60 • and φ = 240 • , consistent with Sample 5 and the discussion in a previous work 3 . Fig. S3 shows the field-dependent longitudinal magnetization M and transversal magnetization M ⊥ , together with the classical energy of the different states for two different directions of the external field in the Heisenberg-Kitaev-Γ model. These magnetization curves have been obtained for (J 1 , K 1 , Γ 1 , J 3 ) = A(−ξ, −1, 0.5, ξ) in the classical limit, S → ∞, for ξ = 0.035 ( Fig. S3a-f ) and ξ = 0.005 ( Fig. S3g,h,i) , respectively. For comparison, we have also computed the quantum corrections to the longitudinal magnetization in linear spin wave theory for S = 1/2 in the field-induced quantum disordered (FIQD) phase (red curves in Fig. S3a,d,g) , demonstrating the strong influence of quantum fluctuations in this state. At small fields, the (then metastable) X state is characterized by a finite total magnetization (dashed curves in Fig. S3a,b,d,e,g,h) , indicating its ferrimagnetic character. The energy gain in field is therefore linear in B, while the antiferromagnetic zigzag state gains energy only after spin canting, resulting in a quadratic dependence on B to the leading order, see Fig. S3c ,f. This explains why the X state is favored at elevated fields along the {1, 1, 0} directions for ξ = 0.035.
III. MAGNETIZATION PROCESSES AND STRUCTURE FACTORS IN THE J1-K1-Γ1-J3 MODEL
The field-induced transition in and out of the intermediate X phase is characterized by a jump in the magnetization and an abrupt change of the static structure factor (see insets in Fig. S3a,d) , indicating a first-order transition. A single-domain zigzag state has a Bragg peak at ordering wavevector Q = M i , where M i , i ∈ {1, 2, 3}, denotes one of the three inequivalent centers of the edges of the first Brillouin zone. Correspondingly, there are three inequivalent zigzag domains, out of which typically only one is selected in small fields for a generic field direction, cf. Sec. IV. However, for the higher-symmetric {1, 1, 0} directions, as, e.g., the one employed in Fig. S3a , two of the three domains are related by symmetry (neglecting a possible bond anisotropy), and the Monte-Carloaveraged low-temperature structure factor shown in the inset of Fig. S3a consequently displays two Bragg peaks at two out of the three M i points. Tilting the field slightly away from this axis, by contrast, singles out the domain for which the angle between Q and B is minimized, see inset of Fig. S3d . This is consistent with the available neutron diffraction measurements in α-RuCl 3 in fields up to 2 T (ref. 4) . Similarly, a single-domain X state has a single (up to inversion) Bragg peak in the first Brillouin zone at ordering wavevector Q = 2 3 M i , i ∈ {1, 2, 3}. Just as the zigzag state, the X state therefore exhibits three inequivalent domains, and an external field B selects the domain(s) for which the angle between Q and B is minimized. The structure factor of the intermediate phase shown in the inset of Fig. S3a therefore shows two Bragg peaks at finite wavevector corresponding to the two domains selected in a {1, 1, 0} field, while only one (nontrivial) Bragg peak is present for the tilted field direction shown in the inset of Fig. S3d .
If we move closer to the pure Kitaev-Γ limit (Fig. S3g,h ,i) upon decreasing ξ, the zigzag ground state at zero field is lost at ξ < ξ c , with ξ c = 0.0116 for Γ 1 /|K 1 | = 0.5, and gives way to a highly degenerate classical ground state that can be understood as the classical remnant of the quantum spin liquid found for ξ = 0 in numerical studies ("KΓSL") 5,6 . The set of classical ground states includes several ferrimagnetic states, including those of the two X domains discussed above. The projection of the total moment onto the φ = 90 • in-plane axis is larger for some of these other ferrimagnetic states, and they are therefore favored for small magnetic fields in this direction. Above some ξ-dependent critical field strength, however, we again observe a transition into the intermediate X phase for all ξ ≥ 0. The X phase therefore adiabatically connects the effective spin model for α-RuCl 3 to the pure Kitaev-Γ limit with its topologicallyordered gapped spin-liquid ground state 5,6 .
IV. DOMAIN SELECTION AND OSCILLATIONS IN THE ZIGZAG PHASE
We have observed experimentally that the susceptibility of α-RuCl 3 in small magnetic fields 2 T exhibits a two-fold rather than six-fold oscillation (see Fig. S2e,f  and ref. 3 ). This behavior can be understood to originate from zigzag domain repopulation. The zigzag phase at zero field comprises three domains (we refer to them as X-, Y-, and Z-zigzag), in which the spin direction differs by 120 • . For the model Hamiltonian under consideration, the spins in these domains lie perpendicular to a Ru-Ru bond, i.e., their projections onto the honeycomb plane are along the reciprocal (1, 1, 0), (−2, 1, 0), and (−1, 2, 0) directions, respectively, see Fig. S4a . A small external field will favor the domain(s) for which the spin direction is most nearly perpendicular to B, leading to the largest susceptibility among the different domains. For a generic angle φ, this selects a unique domain to the detriment of the other two domains, which then become metastable. At the special angles of φ ≡ 30 • mod 60 • , however, two domains will be stabilized with respect to the (then metastable) third, which leads to the above-discussed behavior of the magnetic Bragg peaks in an external field. Within an ideal trigonal environment, and assuming thermal equilibrium at all times, this domain selection would occur already at infinitesimally small fields. Small distortions present in α-RuCl 3 , however, lead to slightly different magnitudes of the Kitaev, Heisenberg, and offdiagonal Γ interactions on the three different types of bonds. These bond anisotropies break the C * 3 symmetry of simultaneous threefold rotations in both lattice and spin space of the ideal Heisenberg-Kitaev-Γ model. They will typically favor a particular domain over the other two, and there will generically be a competition between the anisotropy-selected and field-selected zigzag domains at small fields. The domain-repopulation field B dr , above which the domain is selected by the field direction, will then be shifted to a finite field strength. In α-RuCl 3 , this field strength is reported to be of the order of B dr ∼ 2 T (refs. 4, 8, and 9) . Assuming domain selection by bond anisotropy for fields below B dr allows us to estimate the effective energy scale for these anisotropies: |∆J + ∆K + ∆Γ| ≈ g ab µ B B dr /S ≈ 0.5 meV, which is slightly smaller, but roughly consistent with more elaborate estimates 3, 10 .
If a unique domain were selected for B B dr throughout the sample, the susceptibility within this single domain would be maximized when the magnetic field is perpendicular to the ordered moment direction in the zigzag chains, generating a two-fold oscillation in the susceptibility as the magnetic field is rotated within the honeycomb plane. This is shown as a dashed black line in Fig. S4b . In general, however, bond anisotropy may select different domains in different spatial regions of the sample, and the resulting susceptibility is a weighted average of the three individual domain responses, resulting in a two-fold oscillation with smaller amplitude and a smaller mean value. The green and yellow lines in Fig. S4b show the domain-averaged susceptibility for two different unequal (fixed) domain populations. For B B dr , and assuming full equilibration, rotation of the magnetic field produces, by contrast, a six-fold oscillation as a result of the periodic switching of the field-selected domain from Z-to Y-to X-zigzag at φ = 30 • , 90 • , 150 • , etc. (purple line in Fig. S4b ). For intermediate fields B
B dr , we can emulate the domain-selection process phenomenologically by superimposing the two-fold curve originating from anisotropy-selected domains with a sixfold curve arising from field-selected domains. This is shown for two different superpositions (corresponding to two different field strengths) as red and blue curves in Fig. S4c , with the black curve showing for comparison the two-fold response without a six-fold superposition (same as green curve in Fig. S4b ). The theoretical curves in Fig. S4c should be compared with the measured susceptibilities shown in Fig. S2e for 0.1 T (black curve), 0.5 T (red curve), and 1.0 T (blue curve). We find qualitative agreement.
We note that the measured susceptibilities at higher fields B > B dr exhibit a residual two-fold oscillation in addition to the prevailing six-fold oscillation. This effect appears to be somewhat sample dependent (cf. Fig. S2e,f) , and we attribute it to bond anisotropies, which change the energetics among the different fieldselected domains. The effect of bond anisotropies, including the consequences for the susceptibilities at higher temperatures (Fig. S2g,h) , is discussed in detail in ref. 3 .
V. ORDERED MOMENTS IN THE J1-K1-Γ1-J3
MODEL AT ZERO FIELD In order to understand the response of the system to an external magnetic field, it is instructive to discuss the directions of the ordered moments at zero field. For B = 0, the Heisenberg-Kitaev-Γ model has, for sufficiently large J 3 , an antiferromagnetic zigzag ground state. For Γ 1 /|K 1 | 0.05 (ref. 7) , the pseudospins are aligned along S i /S = ± e {1,1,0} cos α S + e c * sin α S ,
where α S denotes the angle between the pseudospin direction S i and the ab plane, and e {1,1,0} and e c * are unit vectors with e {1,1,0} {1, 1, 0} and e c * (0, 0, 1). Fig. S5a shows α S as a function of ζ = Γ 1 /|K 1 | in the classical limit, S → ∞. In this limit, the pseudospin orientation is independent of the Heisenberg interactions J 1 and J 3 (ref. 11). For comparison, we have also included a previous result in the quantum limit for S = 1/2 that was obtained by exact diagonalization (ED) on a 24-site cluster 7 . Quantum corrections introduce a weak dependence on the Heisenberg interactions and slightly decrease α S for the regime relevant for α-RuCl 3 (ζ 0.5). From this, we estimate α S +37 • for α-RuCl 3 . The direction of the magnetic moments as measured in, e.g., neutron experiments, however, differs from the pseudospin direction if the g tensor is anisotropic 7 . Using the estimate employed in ref. 
we find for the angle α m between the magnetic moments m i = g S i and the ab plane . S5b shows the total magnetization M tot = M ab + M c * e c * with M ab ⊥ e c * in the (then metastable) X state at zero external field as a function of ζ = Γ 1 /|K 1 |. Its size is indicative of the ferrimagnetic nature of this state. The projection onto the ab plane (|M ab |, blue) for the regime relevant for α-RuCl 3 (gray shaded) is large, while the out-of-plane component (M c * , red) is relatively small in this regime. The X state is therefore favored for inplane field directions and suitable ξ and ζ, while other states may be stabilized for out-of-plane fields.
